ABSTRACT: In order to generate simple, efficient analytical methods that are also fast, clean, and economical, and are capable of producing reliable results for a large number of samples, a micro scale extraction method for analysis of carotenoids in vegetable matrices was developed. The efficiency of this adapted method was checked by comparing the results obtained from vegetable matrices, based on extraction equivalence, time required and reagents. Six matrices were used: 
Introduction
Carotenoids belong to a family of more than 600 fat-soluble pigments that are very abundant in nature (Krinsky and Johnson, 2005) . They have great nutritional interest and some of them are precursors of vitamin A, a deficiency of which is associated with night blindness, the premature death of children and xerophthalmia. Interest in these pigments has increased greatly in recent years because of their antioxidant activity that reduces the risk of developing degenerative diseases, such as cancer, cardiovascular disease and the formation of cataracts (Krinsky, 1994; Bramley, 2000; Gale et al., 2003; Delcourt et al., 2006) .
Analytical and extraction procedures have been developed over the years by many authors. Identification, quantification and determination of carotenoid profiles have been performed by High Performance Liquid Chromatography (HPLC), using the reverse phase column and photodiode array detector, which allow for a continuous collection of spectrophotometric data during analysis. Prior to instrumental analysis, a critical step is the extraction of analytes from a matrix, since food matrixes are complex on account of the variety of compounds present. Kaiser et al. (2007) developed a small-scale method for quantitation of carotenoids in bacteria and yeasts, but in this case carotenoids are embedded into a compact matrix in small concentrations. Akhtar and Bryan (2008) proposed a fast method which involved dispersion of the sample in hot water (60 °C), with butylated hydroxytoluene (BHT) in ethanol, followed by extraction with chloroform. However, chloroform extracts all kinds of fat-soluble compounds, so that the determination of carotenoids remains difficult. Caballo et al. (2012) proposed a microextraction of carotenoids using a supramolecular solvent consisting of decanoic acid assemblies to simplify carotenoid determination in farmed salmonids, but this is a specific method for ketocarotenoids. Sérino et al. (2009) suggested a microextraction of tomato carotenoids (lutein, lycopene, b-carotene, and phytoene) using sodium chloride, n-hexane, dichloromethane, and ethyl acetate.
The demand for simple, efficient analytical methods that are also fast, clean and economical, and are also capable of producing reliable results from a large number of samples is increasing. Thus, the aim of this study was to adapt the commonly used carotenoid extraction method to a microscale extraction (MSE) method. The efficiency of the adapted method was checked by comparing the results obtained from six vegetable matrices, as regards extraction equivalence, time spent and reagents.
Materials and Methods
This work was developed in an ISO/IEC 17025:2005 Brazilian certified laboratory (INMETRO, 2011) .
Chemical Reagents
All solvents were of chromatographic grade, including acetone, petroleum ether 35 -60 ºC, methanol (MeOH), methyl tert-butyl ether (MTBE). Carotenoid standards were extracted and purified from fruits and vegetables rich in carotenoids (Pacheco et al., 2013) . The concentrations of lycopene, b-carotene and a-carotene standards were determined spectrophotometrically using the A 1% 1cm
value of 3450, 2592 and 2800, respectively, in petroleum ether. The standard purities were greater than 97 %. 
Sample preparation
Tomatoes (Solanum lycopersicum L.), carrots (Daucus carota L.), pumpkins (Cucurbita moschata Duch.) and watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) were obtained from a local market in the city of Rio de Janeiro, Brazil. Sweet potatoes with orange pulp (Ipomoea batatas (L.) Lam.) were harvested in Brasilia, Brazil. They were analyzed at two stages: as a raw sample and after processing, as flour prepared by drying and milling the potatoes. The edible parts of fresh samples (watermelon and pumpkins without the seeds) were ground in a mill at room temperature (25 o C) and taken for carotenoid extraction.
Commonly used Extraction (CUE)
Taken as a reference for comparison purposes, the commonly used carotenoid extraction procedure was performed as described by Rodriguez-Amaya (2001), using limited light and controlled temperature to minimize degradation and isomerization of the carotenoids. All analyses were performed in triplicate. Approximately 2 to 5 g of each of the six matrices were weighed and then manually macerated in a porcelain grail with 3 g of celite and 50 mL of acetone. The mixture was vacuum filtered in a glass funnel with a sintered plate. The extraction procedure was repeated three or four times until the sample no longer exhibited the characteristic color of carotenoids. The acetone extract was transferred quantitatively to a separator funnel containing 50 mL of petroleum ether and washed, at least three times, with 300 mL ultrapure water. The ether extract was filtered through anhydrous sodium sulfate, collected in 100 mL volumetric flasks and completed with petroleum ether. The level of total carotenoids in the sample extracts was determined by spectrophotometry at 450 nm. Carotenoid profiles were determined by transferring a 1mL aliquot of the sample extract to an amber vial, which was dried in an N 2 stream and then dissolved in 100 µL of acetone. Before HPLC analysis, the solution was vortexed for 10 s.
Microscale Extraction (MSE)
Approximately 0.1 g of sample was weighed in a 2 mL microcentrifuge tube, 1 mL of acetone was added, and the solid residue was macerated using a microturrax for 30 s. The mixture was centrifuged at 6,339 x g for 1 min and the supernatant was transferred to a 25 mL burette containing 5 mL of solution of 5 % ethyl ether in petroleum ether. The resulting supernatant (acetone extract) was transferred, quantitatively, to a burette. Attention was paid so as not to transfer the pellet formed. Acetone (500 µL) was added to the residue of the centrifuge tube and the extraction procedure was repeated three or four times until the extract no longer exhibited the characteristic color of carotenoids. Then the extract was washed three times using ultrapure water or until the wash water became translucent. The extract was allowed to stand for 3 min before water decantation.
The volume of ether extract was recorded (up to second decimal number), then 1 mL was transferred to a volume cuvette and the total carotenoid contents were determined by spectrophotometry, as above. Carotenoid profiles were determined as described in CUE. All analyses were performed in triplicate.
Recovery test
For the recovery study, the Standard Reference Material® (SRM 3280) from the National Institute of Standards and Technology (NIST) was used. This material consists of Multivitamin and Multielement Tablets that are intended primarily for use in validating analytical methods for the determination of vitamins, carotenoids, and mineral elements in dietary supplement tablets and similar matrices. This SRM can also be used for quality assurance when assigning values to in-house control materials. The SRM was extracted using both CUE and MSE procedures. The results were expressed in percentage of recovery.
HPLC Analysis
Profiles of the carotenoids were determined in an acetone extract by HPLC , using a Waters TM HPLC system, controlled by the Empower software program with the column oven at 33 ºC and photodiode array detector (PDA). Carotenoid separation was obtained in a C 30 column (S-3 Carotenoid, 4.6 mm × 250 mm, YCM TM ) by a gradient elution of methanol and methyl tert-butyl ether. The elution started with a mix of 80 % methanol and 20 % methyl tert-butyl ether. At 0.5 min the ether concentration was increased to 25 %, at 15.00 min to 85 % and at 15.05 to 90 % ether. The ether concentration was maintained at 90 % until 16.50 min and then at 16.55 min returned to the initial condition (20 %), remaining constant up to the 28 min. point. The flow rate was 0.8 mL min -1 and the running time was 28 min. The injection volume of the samples was 15 µL. Carotenoids were identified based on their retention times and UV/Vis absorption spectra, compared to the retention times of the carotenoid standards.
Statistical Analysis
Total carotenoids, b-carotene, a-carotene and lycopene contents and data from the two extraction methods were compared by calculating the average, variance, pvalue, and F-statistic between and within groups. Statistical analysis was performed at p < 0.05. The mean values of the release rates were compared using analysis of variance (ANOVA) and F-test for comparisons of two extraction methods of b-carotene, a-carotene, lycopene and total carotenoids from six matrices.
Results and Discussion
Recovery values were calculated based on the SMR 3280 results for total carotenoids (514 µg g -1 ). For CUE the recovery was 92 % (477.2 µg g -1 of total carot-Sci. Agric. v.71, n.5, p.416-419, September/October 2014 enoids) and for MSE 104 % (535.0 µg g -1 of total carotenoids). Results of all-trans-b-carotene, a-carotene, and lycopene contents obtained using both extraction methods are shown in Table 1 . The carotenoid levels for all analyzed matrices were as per the Brazilian database on food carotenoids (Rodriguez-Amaya et al., 2008 ) and the applied carotenoid extraction methods were equivalent, since there was no difference between results (Table 1) .
Analysis of variance (ANOVA) showed that variances of both methods were no different (p < 0.05). For the assessment of the precision of the proposed method, the coefficient of variation (CV) of total carotenoids was calculated (Table 1 ) and results had low variation (below 5 %) among triplicates for each matrix, but CV for the MSE method was slightly higher than for the conventional one. This may be understandable because the micro scale extraction method uses low sample amounts. It is thus noteworthy that sample homogenization is a critical step.
Niizu and Rodriguez-Amaya (2005) Milli-Q water 50 mL 1800 mL 97 Figure 1 shows three chromatograms and UV-Vis spectrum obtained for all-trans-b-carotene and a-carotene analysis for pumpkin, sweet potato flour and carrot. The chromatographic profile was similar for both extractions as expected. The time required for extraction was an important advantage of the method. Microscale extraction was faster than commonly used, since it took about 8 min per extraction instead of 50 min per the commonly used extraction, which corresponded to an 84 % reduction in time required. For the routines performed in an analytical laboratory, it represents excellent savings in terms of time, employees and money. Also, acetone and petroleum ether consumption were reduced by 99 % and 90 %, respectively, and the use of celite and sodium sulfate was eliminated (Table 2) . These numbers represent a great reduction in the cost of analysis thanks to a minimum use of reagents and residue production that imply high costs for suitable treatment. Currently efforts are underway in many laboratories to develop cheaper and cleaner methodologies for rapid and accurate determinations. 
